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WKHRSWLPXPIUDJPHQWDWLRQWKURZJURXQGYLEUDWLRQHWF3UHVHQWO\,WKHSRZGHUIDFWRULVHVWDEOLVKHGWKURXJKWKHWULDO
EODVWV+RZHYHU WKHSRZGHU IDFWRUPD\EHDSSUR[LPDWHGXVLQJ URFNEODVWGHVLJQDQGH[SORVLYHSDUDPHWHUV. 7KH
SRZGHU IDFWRU LV FORVHO\ UHODWHG ZLWK WKH HIILFLHQW EODVWLQJ -LPHQR & / HW DO  :LWK KLJKHU HQHUJ\
H[SORVLYHVVXFKDV WKRVHFRQWDLQLQJ ODUJHDPRXQWVRIDOXPLQXPSRZGHUDKLJKHUGHQVLW\FKDUJHFDQEUHDNPRUH
URFN SHU XQLWZHLJKW WKDQZLWK ORZHU HQHUJ\ H[SORVLYHV0RVW RI WKH FRPPRQO\ XVHG H[SORVLYH SURGXFWV KDYH D
VLPLODU HQHUJ\ YDOXHV DQG VLPLODU URFN EUHDNLQJ FDSDELOLWLHV 6RIW ORZGHQVLW\ URFN UHTXLUHV OHVV H[SORVLYH WKDQ
KDUG GHQVH URFN /DUJHZKROH SDWWHUQV UHTXLUH OHVV H[SORVLYH SHU YROXPH RI URFN 3RRU H[SORVLYH GLVWULEXWLRQ LQ
ODUJHUGLDPHWHUEODVWKROHV IUHTXHQWO\ UHVXOWV LQ FRDUVHU IUDJPHQWDWLRQ0DVVLYH URFNZLWK IHZH[LVWLQJSODQHVRI
ZHDNQHVVUHTXLUHVDKLJKHUSRZGHUIDFWRU WKDQDURFNXQLWZLWKQXPHURXVFORVHO\VSDFHG MRLQWVRUIUDFWXUHV7KH
PRUHIUHHIDFHVDEODVWKDVWREUHDNWR WKHORZHUWKHSRZGHUIDFWRUUHTXLUHPHQW7RGHWHUPLQHWKHSRZGHUIDFWRU
VHYHUDO DSSURDFKHV KDYH EHHQ PDGH E \  GLIIHUHQW UHVHDUFKHUV 7KHVH DSSURDFKHV FRQVLGHU WKRVH URFN PDVV
SURSHUWLHVZKLFKDUHWKHPRVWVLJQLILFDQWSDUDPHWHUVLQDURFNH[SORVLYH LQWHUDFWLRQ$UHYLHZRIWKHVDPHKDV
EHHQDLPHGLQWKLVSDSHUDQGHVWDEOLVKHVDUHODWLRQVKLS EHWZHHQ SRZGHU IDFWRU DQGXQLD[LDO FRPSUHVVLYH
VWUHQJWK 8&6 RI WKH URFNZKLFKZDV REWDLQHG WKURXJKUHERXQGQXPEHU
1.1 Powder Factor
7KHTXDQWLW\RIH[SORVLYHUHTXLUHGWRIUDJPHQWPRUWRQQHRIURFNLVNQRZQDVSRZGHUIDFWRU-LPHQR
& /HWDO  ,W FDQVHUYHDYDULHW\ RI SXUSRVHV VXFK DV DQ LQGLFDWRU RI KDUGQHVV RI WKH URFN RU WKH FRVW
RI WKHH[SORVLYHV QHHGHG RU HYHQ DV DJXLGHWR SODQQLQJ D VKRW 6HYHUDOSRVVLEOHFRPELQDWLRQV FDQ H[SUHVV WKH
SRZGHU IDFWRU $VKE\  GHYHORSHGDQHPSLULFDOUHODWLRQVKLSWRGHVFULEHWKHSRZGHUIDFWRUUHTXLUHG
IRUDGHTXDWHEODVWEDVHGRQWKHIUDFWXUHIUHTXHQF\UHSUHVHQWLQJWKHGHQVLW\RIIUDFWXULQJDQGHIIHFWLYHIULFWLRQDQJOH
UHSUHVHQWLQJ WKHVWUHQJWKRIVWUXFWXUHG URFNPDVV $VKE\-RKQ3$FFRUGLQJ WR $VKE\ WKH SRZGHU IDFWRU
RI URFN ZLWK $1)2PD\EHGHWHUPLQHGHLWKHUIURPWKHJUDSK)LJGUDZQIRUWKHSXUSRVHRUIURPWKHIROORZLQJ
HTXDWLRQ
 ࢖࢕࢝ࢊࢋ࢘ࡲࢇࢉ࢚࢕࢘ ൌ ૙Ǥ ૞૟ כ ࢖ כ ࢚ࢇ࢔ሺ˗ ൅ ࢏ሻ Ȁඥࢌ࢘ࢇࢉ࢚࢛࢘ࢋȀ࢓ࢋ࢚ࢋ࢘૜ .JFXP  
ZKHUH
ࢥ %DVLFIULFWLRQDQJOH
S LQVLWXGHQVLW\RIURFNIRUPDWLRQ
L URXJKQHVVLQFOLQDWLRQDQJOH
ࢥL IULFWLRQDQJOHIUDFWXUHPHWHUUHSUHVHQWVWKHIUDFWXUHIUHTXHQF\


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 7DEOH&ODVVLILFDWLRQRIWKHXQLD[LDOFRPSUHVVLYHVWUHQJWKRIURFNV'\QR1REHODQG6FKPLGW ( 
5RFN7\SH 8&603D 3)NJP
9HU\/RZ6WUHQJWK  
/RZ6WUHQJWK ± 
0HGLXP6WUHQJWK  ±
+LJK6WUHQJWK  ±
9HU\KLJKVWUHQJWK  
([WUHPHO\KLJKVWUHQJWK ! 
1.2 Schmidt Hammer 
7KH 6FKPLGW KDPPHU UHERXQG KDUGQHVV WHVW LV D VLPSOH DQG QRQGHVWUXFWLYH WHVW RULJLQDOO\ GHYHORSHG LQ
 IRU DTXLFNPHDVXUHPHQW RI8&6 &DUJLOO-6DQG6KDNRRU$ DQG ODWHU ZDV H[WHQGHG WR HVWLPDWH
WKHKDUGQHVVDQGVWUHQJWKRIURFN7RUDEL 6 5HW3RROH5:DQG)DUPHU,:7KHPHFKDQLVPRI
RSHUDWLRQLVVLPSOHDKDPPHUUHOHDVHGE\DVSULQJLQGLUHFWO\LPSDFWVDJDLQVWWKHURFNVXUIDFHWKURXJKDSOXQJHU
DQG WKH UHERXQG GLVWDQFH RI WKH KDPPHU LV WKHQ UHDG GLUHFWO\ IURP WKH QXPHULFDO VFDOH RU HOHFWURQLF GLVSOD\
UDQJLQJIURP WR)LJXUH,QRWKHUZRUGVWKHUHERXQGGLVWDQFHRIWKHKDPPHUPDVVWKDWVWULNHV WKH URFN
WKURXJK WKH SOXQJHU DQG XQGHU WKH IRUFH RI D VSULQJ LQGLFDWHV WKH UHERXQG KDUGQHVV 2EYLRXVO\ WKH KDUGHU
WKH VXUIDFH WKH KLJKHU WKH UHERXQGV GLVWDQFH ,WV UHERXQG LV GHSHQGHQW RQ WKH KDUGQHVV RI WKH URFN DQG LV
PHDVXUHGE\WKHWHVWHTXLSPHQWVXJJHVWHGE\$670&%\UHIHUHQFHWRWKH FRQYHUVLRQFKDUWWKHUHERXQG
YDOXHFDQEHXVHG WRGHWHUPLQHWKHFRPSUHVVLYHVWUHQJWK
7KLVWHVWLVTXLFNFKHDSDQGQRQGHVWUXFWLYH,QURFNHQJLQHHULQJLWLVZLGHO\XVHGIRULWVVLPSOLFLW\SRUWDELOLW\
DQGWKHFDSDELOLW\RILQVWDQWGDWDSURGXFWLRQ7RGD\YDULHWLHVRI6FKPLGWKDPPHUVDUHDYDLODEOHIRUXVHVXFKDV
WKHPRGHOVRI/W\SHDQG1W\SH$670'GHVFULEHV WKHSURFHGXUHIRUWHVWLQJRIURFN3UHVHQWO\6FKPLGW
KDPPHU FDQ EH XVHG WR SUHGLFW WKH XQLD[LDO FRPSUHVVLYH VWUHQJWK RI URFNV WKH SHUIRUPDQFHV RI WXQQHO ERULQJ
PDFKLQHV 7%0 DGYDQFH VSHHG RI GULOOLQJ PDFKLQHV DV ZHOO DV WKH HYDOXDWLRQ RI GLVFRQWLQXLWLHV L Q  URFN
IRUPDWLRQV  7KH IROORZLQJ WKUHHRIZLGHO\   DFFHSWHG   WHVW   SURFHGXUHV  ZLWK   GLIIHUHQW   6FKPLGWKDPPHU
UHERXQGWHFKQLTXHVZHUHVHOHFWHGDQGDSSOLHGRQURFNVDPSOHV
7HVW 3URFHGXUH   3RROH DQG )DUPHU +XFND 9$  VXJJHVWHG WKDW WKH SHDN YDOXH IURP DW OHDVW ILYH
FRQWLQXRXVLPSDFWVDWDSRLQWVKRXOGEHVHOHFWHG
7HVW3URFHGXUH +XFND,650 UHFRPPHQGHGWKDW WKH SHDNYDOXHIURPDWOHDVWWHQFRQWLQXRXVLPSDFW
DWDSRLQWVKRXOGEHVHOHFWHG
7HVW SURFHGXUH   ,650 '\QR 1REHO  VXJJHVWHG WKDW WZHQW\ UHERXQG YDOXHV IURP VLQJOH LPSDFWV
VHSDUDWHGE\DWOHDVWDSOXQJHUGLDPHWHUVKRXOGEHUHFRUGHGDQGWKHXSSHUWHQYDOXHVDYHUDJHG
(DFK WHVWLQJ PHWKRG ZDV UHSHDWHG DW OHDVW WKUHH WLPHV RQ DQ\ URFN W\SH DQG WKH DYHUDJH YDOXH ZDV UHFRUGHG
DV WKH UHERXQGQXPEHU
7KH VXUIDFH WH[WXUH VLJQLILFDQWO\ DIIHFWV WKH UHERXQG 5QXPEHUREWDLQHG7HVWVSHUIRUPHG RQD URXJKWH[WXUHG
ILQLVK ZLOO W\SLFDOO\ UHVXOW LQ FUXVKLQJ RI WKH VXUIDFH SDVWH UHVXOWLQJ LQ D ORZHU QXPEHU $OWHUQDWHO\ WHVWV
SHUIRUPHG RQ WKH VDPHFRQFUHWHWKDWKDVDKDUGVPRRWKWH[WXUHZLOOW\SLFDOO\UHVXOWLQDKLJKHU
5QXPEHU7KHUHIRUHLWLVUHFRPPHQGHGWKDWWHVWDUHDVZLWKDURXJKVXUIDFHEHJURXQGWRDXQLIRUPVPRRWKQHVV
7KLV FDQ EH DFKLHYHG HDVLO\ ZLWK D &DUERUXQGXP VWRQH RU VLPLODU DEUDVLYH VWRQH 7KH GHYLFH LWVHOI VKRXOG EH
VHUYLFHG DQG YHULILHG DQQXDOO\ RUZKHQHYHU WKHUHLVDUHDVRQWRGRXEWSURSHUSHUIRUPDQFH9HULILFDWLRQRISURSHU
SHUIRUPDQFH RI WKHGHYLFH LQFOXGHV WKHXVHRIDWHVWDQYLO7KHUHTXLUHGGLPHQVLRQVDQGVWHHOKDUGQHVVLVOLVWHGLQ
$670&%\LPSDFWLQJWKHSURSHUWHVWDQYLOZLWKDSURSHUO\IXQFWLRQLQJGHYLFHZLOOW\SLFDOO\UHVXOWLQUHERXQG
QXPEHUV RI  , WKHGHYLFH LVEHOLHYHG WR QRWEHIXQFWLRQLQJSURSHUO\ LW LV UHFRPPHQGHG WR VHQG LW EDFN WR
WKHPDQXIDFWXUHURUH[SHULHQFHGIDFLOLW\IRUUHSDLUVDQGUHYHULILFDWLRQ
2EMHFWLYH
7KH REMHFWLYH RI WKLV VWXG\ZDV WR LQYHVWLJDWH WKH LQIOXHQFH RI URFNPDVV VWUHQJWK RQ H[SORVLYH UHTXLUHPHQW IRU
VXUIDFHEHQFKEODVWLQJLQGLIIHUHQWURFNW\SHVPDLQWDLQLQJ WKHUHTXLUHGEODVWLQJUHVXOWVLQWHUPVRIIUDJPHQWDWLRQ

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)LHOGGHVFULSWLRQDQGUHVHDUFKPHWKRGRORJ\
7RPHHW WKH VWDWHG REMHFWLYH D ILHOG VWXG\ZDV FRQGXFWHG RQZRUNLQJ URFN IDFHV EHQFKHV RI DQ RSHQFDVW
SKRVSKDWHPLQHRI620,3+26DVXEVLGLDU\RISKRVSKDWH$OJHULD7KHVWXG\EHQFKHVZHUHPDQGPKLJK
ZKLFKZHUHVXEVHTXHQWO\ H[FDYDWHG E\P URSH VKRYHOV LQ FRQMXQFWLRQZLWK	 WRQQH UHDUGXPS WUXFNV
5RFNVWUDWDDUHKLJKO\IUDFWXUHG5RFNXQLD[LDOFRPSUHVVLYHVWUHQJWKYDULHVIURP03DWR03D7KHJHQHUDO
VWULNH RI IRUPDWLRQ DQG DVVRFLDWHGSKRVSKDWH VHDP LV 1:6( DQG WKH GLS YDULHG IURP WRGHJUHH WRZDUGV
6RXWK:HVW0LQH¶VVWULSSLQJ UDWLRZDV DSSUR[LPDWHO\ HTXDO WR7KH EODVW KROHVVL]HVZDVPPDQGZHUH
EODVWHGE\WKHHPXOVLRQH[SORVLYHV












)LJ6WXG\PLQHVKRZLQJVKRYHOEHQFKHV

7KH WHVWV LQFOXGHG WKHDSSOLFDWLRQRIDQ15W\SH6FKPLGWKDPPHU WRDVVHVV WKHKDUGQHVV RI WKH URFN LQ DVPDQ\
SRLQWVDVSUDFWLFDEOH LQ WKH SKRVSKDWH SURGXFWLRQ DUHDV $W HDFK SRLQW DERXWFPE\FPVXUIDFHRI WKHURFN
ZDV SUHSDUHG E\ FOHDQLQJ WKH DUHD DQG SHUIRUPLQJ DERXW  LPSDFW LQ JULG SDWWHUQ RQ HDFK EHQFK EHIRUH
EODVWLQJ)LJXUH$PRQJ WKHQXPEHUVREWDLQHG WKHPHDQYDOXHZDV FRQVLGHUHGDV WKH6FKPLGWQXPEHUIRU WKDW
EHQFK 7KLV SURFHGXUH RI SHUIRUPLQJ 6FKPLGW WHVW ZDV D FRPSURPLVH WR WKH ,650  VXJJHVWHG PHWKRG
%URZQ (7ZKHUHWHQKLJKHUQXPEHUVDUHVHOHFWHGIURPWZHQW\WHVWVLQWKHVHOHFWHGDUHD,WLVDUJXHGWKDW
WKH ,650  VXJJHVWHG PHWKRG VXIIHUV IURP VRPH VKRUWFRPLQJV GXH WR YHU\ VHOHFWLYH QDWXUH RI WKH
SURFHGXUH *RNWDQ 50 DQG $\GD\ & 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4.1 Relationship between Rebound Number (N) of Rock and Powder Factor (PF) 
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LQFUHDVHV ,QFUHDVH LQ UHERXQG PHDQV URFN PDVV LV FRPSDFW ZKLFK UHTXLUHV PRUH FKHPLFDO HQHUJ\ WR EUHDN
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7KHUHIRUH PRUH H[SORVLYHV ZHUH FKDUJHG LQ WKH KROHV WR JHW WKH UHTXLUHG EODVWLQJ UHVXOWV LQ WHUPV RI LPSURYHG
IUDJPHQWDWLRQ
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4.2   Relationship between Uniaxial Compressive Strength (UCS) of Rock and Powder Factor (PF)
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